Minor pulses are cultivated on a small scale by economically poor farming communities for subsistence food. Currently, these crops are under-utilized or neglected, although they are reasonable sources of protein and can increase food security in rural areas. Research and development is underway to improve the grain quality and increase the productivity of these crops, both of which are negatively impacted by insect pest damage. Synthetic pesticides have proven to be the most effective control agents against all pests of minor pulses which include sap sucking insects. However, considering the drawbacks of pesticide residues in the grain, environmental pollution, and damage to natural enemies associated with synthetic pesticide use, integrated pest management schemes for pulses are being developed. For example, economic thresholds are being developed for pests of green gram (Vigna radiata [L.] R. Wilczek) and black gram (Vigna mungo [L.] Hepper) to avoid unnecessary pesticide applications. The adoption of these integrated practices by farmers in resource-poor communities should improve food security in rural areas. Here, we summarize existing information about the integrated control of pests of pulse crops.
practices are made effective and less costly, farmers and marketing agencies would have an incentive to adopt them to save pre-/postharvest losses caused by insect damage.
Need for Pest Control in Minor Pulses
With changes in climate and cropping systems, the introduction of invasive pests, pest resistance to common pesticides, and the resurgence of new pests, the damage from various pests has increased in intensity and frequency in many crops, including minor pulses (Sharma 2013) . Some insects attack one or more pulses in the field during plant development and then in storage. Data on yield losses are not available for all insects and all minor pulses. Limited number of studies conducted indicated yield loss in the field ranging from 15.6 to 67.8% for a pest complex and from 33.5 to 62.5% for specific pest species; meanwhile, losses in storage average 26.3% (Table 1) .
Insects not only infest plant parts, making them weak and less productive, but they also feed directly on pods and seeds causing appreciable deterioration in grain quality. For example, Muthomi et al. (2008) reported discolored (28.3-52.6%), shriveled (42.6-59.3%), and damaged grains (39.8-42.2%) of green gram infested by insects. Indirect damage to plants by way of virus transmission is also common in minor pulses (Madhavi et al. 2011 , Bhaskara Reddy et al. 2015 . For example, leaf crinkle disease transmitted by aphids and whiteflies caused yield losses of 35-81% in black gram in India (Gautam et al. 2016 ).
Current Control Practices for Field Pests
Control techniques are discussed for different groups of insect species based on their feeding mode. Integrated pest management (IPM) has been included to facilitate its implementation in current practices of crop management.
Leaf Sap Sucking Pests
Pest Species Aphids (Hemiptera: Aphididae) infesting minor pulses include the polyphagous cowpea aphid Aphis craccivora Koch on green gram (Somasunder et al. 2016 ) and black gram (Justin et al. 2015) in India and fava bean in Egypt (Salman et al. 2015) ; the pea aphid Acyrthosiphon pisum (Harris) on lentil in Ethiopia (Wale and Gedit 2013) , and the black bean aphid Aphis fabae Scopoli on fava bean in the Middle-East (Meradsi and Laamari 2016) .
Several species of jassids/leafhoppers (Hemiptera: Cicadellidae), in particular Amrasca biguttala biguttala (Ishida) (=Amrasca devastans Dist.) are found on green gram (Somasunder et al. 2016) , black gram , and moth bean (Bairwa et al. 2007) in India and on green gram in Pakistan (Masood et al. 2004 ). This is a major pest along with other species, namely Empoasca motti Pruthi on moth bean (Singh et al. 2010) , Empoasca kerri Pruthi on black gram (Justin et al. 2015) , and Exitianus indicus (Dist.) on moth bean (Kumaraswamy et al. 2014) in India.
Although attack by thrips (Thysanoptera: Thripidae) is only occasional, there are reports from India of severe damage to grass pea by Caliothrips indicus Bagnall (Dixit and Parihar 2016) , to green gram (Somasunder et al. 2016 ) and moth bean (Bairwa et al. 2007) by Thrips tabaci Lindb., and to green gram by Megalurothrips distalis (Karny) (Mishra and Mukherjee 2015) . Similarly, earlier studies reported damage by T. tabaci on green gram in Pakistan (Masood et al. 2004) and by Megalurothrips sjostedti Tryon on black gram in Bangladesh (Prodhan et al. 2008) . In addition to these species, Madhavi et al. (2011) reported four species of Thripidae, Frankliniella schultzei (Tryb.), Scirtothrips dorsalis Hood, Thrips palmi Karny, and Megalurothrips usitatus Bagnall which transmit tobacco streak virus causing necrosis disease in green gram and black gram in India.
A cosmopolitan cotton whitefly Bemisia tabaci (Genn.) (Hemiptera: Aleyrodidae) is a major polyphagous pest in India of green gram (Panduranga et al. 2011, Mishra and , black gram (Taggar and Gill 2012) , and moth bean (Singh et al. 2010) . Whiteflies are a common pest of green gram in Pakistan ) and important vectors of yellow mosaic virus in green gram and black gram (Bhaskara Reddy et al. 2015) .
Control Methods
Cultural Practices. In Egypt, late plantings of fava bean suffered higher infestations of A. craccivora and early plantings have been advocated (Salman et al. 2015) . Conversely, early plantings of black gram in Bangladesh harbored higher populations of M. sjostedti (3.60 thrips/plant) than late plantings (1.07 thrips/plant) (Prodhan et al. 2008) . Among various cultural measures generally practiced in India, Bairwa et al. (2007) reported that intercropping three rows of moth bean with one row of pearl millet (Pennisetum glaucum L.) significantly reduced the number of sucking pests on moth bean, to 4.58 A. b. biguttala jassids/plant in intercropped fields compared with 10.05 jassids in monocropped fields, 4.89 B. tabaci whiteflies/ plant versus 11.42 whiteflies in the monocrop, and 2.71 T. tabaci thrips/plant versus 5.99 thrips in the monocrop. Early plantings and intercropping can be adopted by farmers in a routine schedule of cultural operations. (Meradsi and Laamari 2016) . Resistant cvs. have long, thick leaflets and contain allelochemicals in leaf wax, whereas plant height and leaflet width were not different (Meradsi and Laamari 2016) . It appeared that tolerance is a major mechanism of resistance, but there is need for more intensive studies on this to promote such cultivars by integrating them into a routine practice of cultivating pest tolerant or resistant cultivars. In a varietal evaluation of the Indian grass pea accessions in the RLK series (1, 273-1, 273-3, 281, 617) and RPL-26 was classified as tolerant to attack by the thrips species C. indicus (Dixit and Parihar 2016) . In similar studies against B. tabaci in India, field screening of 22 cultivars of green gram revealed that cvs. ML-267 and KM-200 were resistant, with 1.33-1.55 whiteflies/five plants versus 9.11 whiteflies in the susceptible control (Panduranga et al. 2011 ). In the same trial, resistant cv. ML-267 had 5.6% of plants infected with green gram yellow mosaic virus followed by cv. LGG-407 with 11.9% incidence. Consequently, cv. ML-267 recorded the highest yield of 1103 kg/ha, and was, therefore, integrated into pest management modules (Panduranga et al. 2011) . Taggar and Gill (2012) found that the mechanism of resistance in black gram to B. tabaci was related to morphological leaf characteristics such as leaf area, lamina thickness, and trichome length, where all were significantly and positively correlated with the population of whitefly life stages (eggs, nymphs, and adults), while trichome density and angle were negatively correlated. Thus, genotypes with narrow, thin, and hairy leaves and short but erect trichomes should be selected for developing resistance in black gram (Taggar and Gill 2012) .
Pest
In Pakistan, Masood et al. (2004) identified two resistant cvs. of green gram, NM-92 and NM-98, with the lowest number/leaf of 1) A. devastans planthoppers (0.41-0.48 vs 0.53-0.63 in susceptible control), 2) T. tabaci thrips (3.00-3.70 vs 3.75-4.46 in susceptible control), and 3) B. tabaci whiteflies (2.63-2.96 vs 3.17-3.26 in susceptible control). Yields of 1761-2141 kg/ha were obtained from these cvs. compared with 975-1464 kg/ha in susceptible controls, with the result that cvs. NM-92 and NM-98 were recommended for general cultivation. Improved cultivars of minor pulses with reasonable tolerance to sucking pests are currently not available to farmers. Natural Pest Control. In Ethiopia, natural enemies (ladybird beetles and a parasitic wasp Aphidius ervi Haliday) attack A. pisum in grass pea (Wale and Gedit 2013) , and the beetle population was found to be higher at the flowering stage (9.5 adults/plot) than at vegetative stages (five adults/plot). However, pest mortality data is lacking to confirm the potential of these natural enemies. In Egypt, A. craccivora infesting fava bean was found to be parasitized by two hymenopteran parasitoids, Diaerotiella rapae (M'Intosh) and Ephedrus sp., with natural parasitism ranging from 6.5 to 8.2% under favorable climatic conditions (Saleh et al. 2009) . Such a low level of parasitism in an aphid population is not likely to slow the aphid's population growth. Therefore, habitat management and periodical releases of these parasitoids might be necessary to increase their number in the field.
Plant-Derived Products. Singh and Kumar (2011) reported that fields of black gram sprayed with neem-based commercial products (either Achook, Multineem, Econeem, Rakshak, Nimbecidin) at 3-5 ml/liter, or a 5% neem seed kernel extract (NSKE) at 500 liters/ha, protected the crop from the attack of B. tabaci for up to 30 d. Spraying of neem seed kernel oil (NO) containing 300 ppm of azadirachtin (AZ) was compared with spraying of water extract 5% of leaves of neem, custard apple, mint, eucalyptus, or lantana (Khajuria et al. 2015) . Neem oil resulted in significantly low pest population compared with water extracts (0.94 aphids/plant vs 2.07, 1.04 jassids/plant vs 2.00, and 3.54 whiteflies/plant vs 9.17). In a 2-yr field trial of black gram, Justin et al. (2015) reported least pest population with soil incorporation of neem defatted cake (NC) at 1 t/ha followed by two sprayings at 15-d interval of NO 3% (2.42-3.34 aphids/plant vs 11.97-14.96 aphids in the control; 3.13-3.67 jassids/plant vs 8.03-9.37 jassids in the control). The grain yield was 396-408 kg/ha in treated field compared with 345-356 kg in the untreated field. Whenever possible, plant products showing bioefficacy equal to that of chemicals are preferred.
Pesticides (Biopesticides and Chemicals)
Green Gram. In India, treating green gram seeds with dimethoate 30EC at 1.5 g a.i./kg resulted in the lowest pest populations (2.4 whiteflies/plant vs 4.2 whiteflies in the control) and mung yellow virus incidence (1.4% infected plants vs 5.5% in control), and maximum yield of 1875 kg/ha (Lal and Jat 2015) . Also, Mishra and Mukherjee (2015) evaluated six pesticide products and measured pest densities 10 d after application, and found the fewest number of M. distalis (1.0 thrips/plant vs 13.5 thrips in the control) when emamectin benzoate 5SG at 10 g a.i./ha was sprayed. There were 1.33 aphids/plant versus 25.2 aphids in the control with cyantraniliprole 18SC (cyazypyr) at 72 g a.i./ha, and 2.98 whiteflies/plant versus 27.2 whiteflies in the control with thiamethoxam 25WG at 150 g a.i./ha. The highest yield of 533 kg/ha was recorded in plots treated with spinosad 45SC at 150.7 g a.i./ha compared with 442 kg/ha in the untreated field.
In Pakistan, Khattak et al. (2004) Khutwal et al. (2002) suggested a seed treatment of thiamethoxam 70WS at 2 g a.i./kg followed by foliar spraying with thiamethoxam 25WG at 100 g a.i./ha, or a seed treatment with imidacloprid followed by foliar spraying of imidacloprid 200SL at 100 g a.i./ha for control of aphids and jassids. Somasunder et al. (2016) evaluated a seed treatment of thiamethoxam 70WS at 6.0 g a.i./kg to be the most effective at reducing pest numbers/10 plants, to 68 aphids versus 182 aphids in the control, 16 jassids versus 102 jassids in the control, and 30 thrips versus 105 thrips in the control 45 d after planting.
Moth bean. Spraying dimethoate 30EC at 150 g a.i./ha proved to be the most effective measure against jassid, E. motti, whitefly, B. tabaci, and thrips, T. tabaci as it reduced their damage 13 d after the second spray by 66.4, 68.2, and 68.7%, respectively (Singh et al. 2010) . This treatment nearly doubled the grain yield (695 kg/ha vs 380 kg/ha in the control) and had the highest cost: benefit (CB) ratio of 1:1.27. Imidacloprid and thiamethoxam were the next best treatments. Dhamaniya et al. (2005) compared the bioefficacy of nine insecticides against sucking pests in moth bean. Spraying dimethoate 30EC at 50 g a.i./ha was the most effective against jassids and thrips, followed by monocrotophos 36WSL at 150 g a.i./ha, while phosphomidon 40SL at 600 g a.i./ha was the most effective against whiteflies followed by dimethoate at 150 g a.i./ha. Maximum grain yield of 515 kg/ha (288 kg in the control) was obtained with dimethoate. In another trial, dimethoate 30EC and oxydemeton methyl 25 EC both proved effective against whiteflies followed by monocrotophos (Bairwa et al. 2006) . Singh et al. (2014) reported that treating green gram seeds with B. bassiana or Pseudomonas fluorescens (Flugge) Migula, followed by spraying of profenophos 40EC at 400 g a.i./ ha resulted in the greatest reduction in number per plant of sucking pests, viz. 2.5 jassids, 2.0 thrips, and 3.6 whiteflies versus 5.6 jassids, 4.1 thrips, and 5.9 whiteflies in the untreated field.
In these studies, a seed treatment of thiamethoxam or dimethoate followed by need-based spraying of dimethoate, methyl demeton, thiamethoxam, emamectin benzoate, imidacloprid, or cyantraniliprole showed promising results and need further study before recommending them to farmers.
Defoliating Pests

Grasshoppers
The variegated grasshopper, Zonocerus variegatus (L.) (Orthoptera: Pyrgomorphidae), is a polyphagous sporadic pest of green gram in Nigeria (Ibekwe et al. 2014) . Dusting with a registered insecticide should be done in areas where the attack becomes severe.
Leafminers
Two species Liriomyza trifolii (Burgess) and Liriomyza congesta (Becker) (Diptera: Agromyzidae) are considered major pests of fava bean in the Middle-East (Salman et al. 2015) . In Egypt, late plantings of fava bean suffered higher infestations of L. trifolii than early planted crops (Salman et al. 2015) . Yacoub et al. (2015) recorded a maximum reduction of 35.9% in L. trifolii populations with five local hymenopteran parasitoids: Diglyphus isaea (Walker), Diglyphus crassnervlun (Erdos), Chrysocharis sp., Neochrysocharis sp., and Hemiptarsenus sp. Habitat management to augment parasitoid populations appears to be effective for reducing leaf miner populations.
Leaf Beetles and Weevils
Among leaf-feeding beetles (Coleoptera: Chysomelidae), the white-spotted flea beetle Menolepta signata Olivier on black gram in Bangladesh (Prodhan et al. 2008) and Oootheca mutabilis (Schonherr) on green gram in Nigeria (Ibekwe et al. 2014 ) have been reported as occasional pests. Defoliation by M. signata was 11.7% in early plantings versus 31.7% in late plantings in Bangladesh (Prodhan et al. 2008) . No other control measures were worked out but timely spraying of registered insecticides would be needed in case of pest epidemic.
In the Middle-East, the sitona weevil Sitona crinitus Herbst (Coleoptera: Curculionidae) feeds on lentil seedlings (El-Bouhssini et al. 2008) . Among 315 accessions of lentils, including wild genotypes, evaluated against S. crinitus, a wild Lens culinaris subsp. orientalis (Boiss.) Ponert and eight cultivars in ILWL series (110, 136, 166, 203, 207, 245, 254, and 258) were tolerant to pest attack, with <10% nodule damage compared with >56% damage in susceptible cultivars (El-Bouhssini et al. 2008) . These eight improved cultivars from this breeding program have not yet been released.
Hairy Caterpillars
The Bihar hairy caterpillar Spilosoma (=Diacrisia) obliqua Wlk. (Lepidoptera: Arctiidae) often occurs sporadically in high densities in the fields of black gram in India (Mandal et al. 2013) . A study of pesticide effects on defoliators found that the population of S. obliqua was reduced by up to 90.6% in black gram by spraying triazophos 40EC at 250 g a.i./ha, and that this treatment produced the highest CB ratio of 1: 21.7 (Mandal et al. 2013 ). The next most effective treatment was alpha-cyhalothrin 5EC at 40 g a.i./ha which produced an 83.7% reduction. Since late instar larvae are difficult to kill, treatment of early stage larvae at the onset of pest attack is needed to achieve adequate control. Also, applications of insecticides in hot-spot areas can reduce not only plant damage but can also check migration of larvae to the neighboring fields.
Stem Borers
Bean Stem Borer
The bean stem borer/stem fly Ophiomyia (=Melanagromyza) phaseoli (Tryon) (Diptera: Agromyzidae) is the only stem borer which attacks black gram in Bangladesh (Prodhan et al. 2008 ) and green gram in India . When black gram was planted in Bangladesh on six sowing dates at 7-d intervals (Prodhan et al. 2008) , damage from stem tunneling O. phaseoli was lower on early plantings (14.8 vs 28.5% in late plantings). For chemical control, treatment of seeds of green gram with thiamethoxam 35FS at 3.5 g a.i./kg or imidacloprid 60FS at 3 g a.i./kg significantly reduced stem tunneling by the fly O. phaseli (16.0 vs 39.0% in the control), seedling mortality (5.5 vs 27.5% in untreated seeds), and led to increases in both grain yield (890 kg/ha vs 550 kg in the control) and the cost:benefit ratio (1:2.2 for imidacloprid vs 1:1.1 for the untreated field) . Since stem fly is only an occasional pest, research on chemical control is limited and seed treatment is the preferred control option.
Flower Feeding Pests
Blister Beetles Three species Mylabris pustulata (Thunberg), Epicauta sp., and Mylabris phalerata Pall. (Coleoptera: Meloidae) are regular and major pests in India (Boopathi et al. 2009 ). Boopathi et al. (2009) assessed the bioefficacy of three neem products, two microbials, two synthetic pyrethroids, and seven conventional insecticides against M. pustulata and Epicauta sp. In this trial, treatment at 50% flowering with malathion 50EC at 250 g a.i./ha was the best treatment, with 98.7% mortality, followed by imidacloprid 17.8 SL at 35.6 g a.i./ha (98.3% mortality). Likewise, occasional infestation of M. phalerata is readily controlled by several insecticides (TNAU 2015) . Pesticide application during flowering may be an effective recommendation for this minor pest for other minor pulses.
Pod-and Seed-Feeding Pests
Pod Borers Among all pests attacking pods and seeds of all minor pulses in all regions of the world, pod borers are considered to be the most important pests. Major species include the legume/spotted pod borer, Maruca vitrata (Fb.), formerly known as Maruca testulalis (Geyer) (Lepidoptera: Pyralidae), the gram pod borer Helicoverpa armigera (Hb.) (Lepidoptera: Noctuidae), the tobacco caterpillar Spodoptera litura (Fb.) (Lepidoptera: Noctuidae), the spiny pod-borer, Etiella zinckenella (Treit) (Lepidoptera: Pyralidae), the blue butterfly, Lampides boeticus L. (Lepidoptera: Lycaenidae), the seed weevil Apion amplum (Faust) (Coleoptera: Apionidae), and the pod fly, Melanagromyza obtusa (Malloch) (Diptera: Agromyzidae). Gopalaswamy et al. (2011) studied the succession of M. vitrata in fallow rice fields in India, and reported its maximum damage to black gram inflorescence (77.5%) in late plantings compared with early plantings, with 57.3% damage on inflorescence and 40.4% damage on pods. Similarly, higher damage to inflorescence (21.3%) and pods (13.9%) was observed on late plantings compared with early planting of green gram. Generally, early-planted crops facilitate the carry-over of pod borer populations and population build-up is favored by late plantings. In Bangladesh, damage by M. vitrata was 6.8% in early plantings and 16.0% in late plantings. As a result, early plantings produced a higher yield (742 kg/ ha) than late plantings (403 kg/ha) of black gram (Prodhan et al. 2008) .
Cultural Control Practices
Pest Resistant/Tolerant Crop Cultivars
Among black gram cvs., cvs. LBG-685 and LBG-648 were classified as resistant, whereas cvs. LGG-460 and TM 96-2 were comparatively tolerant to pod borer attack (M. vitrata) (Gopalaswamy et al. 2011) . Later, among 19 cultivars evaluated during two cropping seasons, from 110 accessions of green gram tested against M. vitrata in India, five were categorized as tolerant with pod damage of 3.5-10% compared with 68.4% in susceptible entries (Sandhya Rani 2014). Extensive field trials would be helpful to confirm resistance or tolerance in cultivars in forthcoming breeding programs.
Natural Pest Control
In green gram fields in India, Arivudainambi and Chander (2009) experimented with spraying the entomopathogenic fungus Paecilomyces lilacinus (Thom.) Samsom at 0.02% against L. boeticus. and reported a significant reduction in the pod borer's population. These workers also found reductions from spraying of two entomopathogenic fungi, Verticillium lecanii (Zimmerman) Viegas at 0.02% or Beauveria bassiana (Bals.-Criv.) Vuill. at 0.02%. The common beneficial fungus, B. bassiana is an effective bioagent sprayed to control a wide variety of insects and its formulations as biopesticide are available on the market. It is safe to predators and parasitoids of insect pests, and humans and animals. It, therefore, merits large-scale applications in minor pulses.
Plant-Derived Products
In a field trial, spraying neem kernel oil (NO) at 0.05% was more effective than NSKE 5% against L. boeticus infesting green gram (Arivudainambi and Chander 2009) . In a field trial against A. amplum infesting green gram, NSKE 5% was the most effective treatment which lowered pest population to 1.89 weevils/plant versus 6.98 weevils/plant in the control, reduced damage to pods by up to 31.3% compared with 67.4% damage in the control, reduced A. amplum damage to seeds (30.9 vs 65.5% in the control) and produced the maximum yield (247 kg/ha vs 108 kg in the control) with a cost:benefit ratio of 1:11.7 (Saha et al. 2013) . While the advantages of these products have been shown in a number of studies, the practical, economic application of crude products and water extracts of neem and other local plants in minor pulses remains to be demonstrated (Gahukar 2014b ).
Pesticides (Biopesticides and Chemicals)
Green Gram
In a 2-yr trial for control of H. armigera, a single application of indoxacarb 15.8EC at 79 g a.i./ha or spinosad 48SC at 72 g a.i./ ha resulted in the lowest number of larvae (1.72-1.82 larvae/m 2 vs 21.0 larvae in the control plot) (Randhawa et al. 2013 ). These two treatments produced yields of 716 and 692 kg/ha and cost:benefit ratios of 1:13.2 and 1:11.9, respectively, compared with the yield from the untreated control field (360 kg/ha). Similarly, Yadav and Singh (2013) reported the least pod (3.7 vs 10.3% in the control), and seed damage (1.0 vs 4.3% in the control) caused by M. vitrata, A. amplum, and H. armigera in crops treated with spinosad 48SC at 72 g a.i./ha. The crop received two sprays, the first after pod formation (40 d after planting) and second 15 d later. The highest yield of 1167 kg/ha, however, was achieved by application of indoxacarb, closely followed by spinosad (1132 kg/ha). These pod borers were better controlled by spinosad 45EC sprayed at 45 g a.i./ha and indoxacarb 15.8EC at 54.5 g a.i./ha, with pod damage of 3.7 and 4.0%, seed damage of 1.0 and 1.3% and grain yield of 1103 and 1107 kg/ha, respectively, compared with control plots with 10.3% pod damage, 4.3% seed damage, and grain yield of 792 kg/ha. However, the maximum cost:benefit ratio of 1:9.77 was recorded for acetamiprid (100 ml/ha) (Yadav and Singh 2013) . Singh et al. (2012) studied the bioefficacy of two microbials, B. bassiana and Pseudomonas fluorescens (Flugge) Migula, and two chemical insecticides, profenophos and imidacloprid, used alone or in combination against three pod-infesting pests-M. obtusa, M. vitrata and plant bug, Riptortus sp. in green gram. The least damage caused by pod fly (4.3 vs 10.7% in the control) was recorded with a seed treatment of imidacloprid or B. bassiana followed by profenophos sprays. Pod borer damage was the lowest in the B. bassiana seed treatment (5.7 vs 14.0% in the control) followed by B. bassiana sprays. Pod bug damage was least (1.7 vs 9.0% in the control) when seeds were treated with imidacloprid. Seeds were the least damaged by these pests (14.0 vs 26.0% in control) with the B. bassiana seed treatment and spraying treatments followed by B. bassiana seed treatment + profenophos spraying. A maximum seed yield of 698 kg/ha compared with 416 kg/ha in the control was obtained in plots of seeds treated with B. bassiana. These results suggest a schedule of seed treatment with B. bassiana at 10g/kg and spraying of profenophos 40EC at 0.04% during pod development would provide effective control of these pod-feeding pests. The efficacy of insecticides commonly used to control pod borers on minor pulses differ considerably, but overall, seed treatments of spinosad or thiamethoxam followed by need-based sprays of profenophos, spinosad, or chlorantraniliprole are effective. Lakshmi et al. (2002) reported effective control of M. vitrata in black gram by spinosad 45SC at 45 g a.i./ha applied as a foliar application. In another trial, chlorantraniliprole 20SC (Coragen) at 30 g a.i./ha reduced pod damage in black gram to 4.5-6.2% versus 14.5-16.6% in the control during two consecutive years and produced a grain yield of 858-890 kg/ha versus 267-289 kg in the control (Mahalakshmi et al. 2003) . Another advantage was that this treatment did not affect important predators (coccinellids and spiders).
Black Gram
Field studies conducted by Mahalakshmi et al. (2012) found flubendiamide 39.35SC at 39.35 g a.i./ha, thiodicarb 70 WP at 525 g a.i./ha and emamectin benzoate 5SG at 10 g a.i./ha to be the most effective treatments, with 6.9, 11.8 and 11.0% pod damage, respectively, while the highest grain yield of 675-780 kg/ha was achieved with flubendiamide compared with 280-302 kg/ha in the unsprayed control field. These results suggest that two applications of either of these pesticides, the first at 50% flowering and a second 15 d later, should provide effective control in black gram.
Ashok Kumar and Shivaraju (2009) reported that among chemical insecticides, foliar applications of imidacloprid 75SP at 562 g a.i./ha completely controlled the larval populations of two major pod borers-H. armigera, E. zinckenella-compared with 7-12 larvae/10 plants in the control plots of black gram. Imidacloprid also reduced pod damage caused by E. zinckenella (2.1 vs 19.2% in the control), whereas the pod damage by H. armigera was reduced by flubendiamide 480SC at 48 g a.i./ha (6% compared with 39% in the control). Maximum seed yield of 1103 kg/ha was obtained for black gram when plots were treated with imidacloprid 75SP at 562.5 g a.i./ ha compared with 637 kg/ha in control.
Treatment of black gram with chlorantraniliprole 20SC at 20-30 g a.i./ha achieved the lowest population density of H. armigera (0.91 larva/plant vs 2.22 larvae in the control), M. vitrata (0.69-0.72 larva/plant vs 5.59 larvae in the control), and Lampides sp. (0.44-0.47 larvae/plant vs 4.82 larvae in the control) and produced the least pod damage (14.5 vs 50.6% in the control) with the highest yield of 635-658 kg/ha versus 389 kg in the control (Mohanraj et al. 2012 ).
Pod Bugs
Pod-infesting bugs Riptortus pedestris Fb., Riptortus linearis (L.), and Clavigralla Clavi gibosa (Spinola) (Hemiptera: Coreidae) occasionally cause serious damage to green gram and black gram crops in India Jat 2014, Soundaryarajan and Chitra 2014) . Another green plant bug, Creontiades sp. (Hemiptera: Miridae) infests green gram in Australia (Gentry 2015) .
Spraying quinalphos 25EC at 312.5 g a.i./ha, monocrotophos 36WSL at 225 g a.i./ha or dichlorvos 76EC at 380 g a.i./ha was effective in managing the populations of C. gibosa in black gram with 9.8-10.2, 8.8-9.7, and 9.9 bugs/plant for quinalphos, monocrotophos, and dichlorvos, respectively, versus 17.3-17.8 bugs/plant in the control (Lal and Jat 2014) .
The green stinkbug, Nezara viridula (L.) (Hemiptera: Pentatomidae), is a minor pest as adults and nymphs suck sap from pods and seeds in the milk stage, making them weak. Spraying monocrotophos 36SL at 225 g a.i./ha or spinosad 45SC at 75.15 g a.i./ha significantly controlled field populations of N. viridula, with 0.2 and 0.3 bugs/plant, respectively, versus 1.4 bugs/plant in the untreated control field (TNAU 2015) . For overall control of pod-and seedinfesting pests, spraying of chemicals has to be planned after verifying ETL levels. The current practice of farmers to spray chemicals as a preventive measure is incorrect and wasteful.
Control of Pest Complex
Whenever insects of different groups attack any minor pulse crop, a common control strategy can be a profitable approach, as the number of human interventions including pesticide applications is reduced. For example, intercropping black gram with sorghum (4:1 row proportion) over the course of 2 ys resulted in low pest population levels on the intercropped black gram compared with the monocrop, with 0.85-1.70 whiteflies/plant versus 1.70-3.65 whiteflies in the monocrop, 0.25-0.35 jassids/plant versus 1.50-2.50 jassids in the monocrop, 8% damaged pods by M. vitrata versus 16.0% in the monocrop, and pods damaged by other pod borers 11.9-14.7% compared with 24.8-29.1% in the monocrop . This cropping system also showed the highest density of coccinellids (four beetles/leaf vs one beetle/leaf in the monocrop). Other intercrops (peanut, pearl millet) were less effective .
In a field trial in Egypt, cvs. Giza-429, Masr-1, and Giza-843 were classified as resistant, with an infestation rate of 7.4 versus 20.3% in the susceptible control for the aphid A. craccivora and only 12.3% infestation versus 24.1% in the susceptible control for the leafminer L. congesta (Salman et al. 2015) . In a similar trial, cvs. BPL-710, Nubaria-1, and Sakha-1 were found to be highly resistant to aphids and leaf miners in Egypt (El-Bramway and Osman 2012). Soundaryarajan and Chitra (2014) noted during the screening of 51 cvs. of black gram in India that only nine CBG-08 accessions (nos. 009, 014, 040, 045, 057; PLU-102, 5-16-7, PLS-364/42, and KU-301) were moderately resistant with a score of 3 on a 1-5 pest score index, against three pod borers-M. vitrata, H. armigra, L. boeticus, as well as the pod-sucking bug, R. linearis.
In the laboratory, a muscardine fungus, Nomuraea rileyi (Farlow) was applied at 2 × 10 -5 spores/ml on lepidopteran pests of green gram by Ingle et al. (2004) , who found that fungal infection caused 93.3, 100, and 80.0% mortality in pod borers S. litura and H. armigera, and hairy caterpillar S. obliqua, respectively. However, these findings need validation for field application supported by data on pest control before they can be recommended to farmers.
For control of pod-and flower-feeding pests, Nyodu and Jamir (2015) evaluated chemical insecticides against blister beetle, M. pustulata and pod bugs Riptorpus spp. in green gram. Among treatments, application of imidacloprid 17.8SL at 35.6 g a.i./ha caused the greatest mortality (66.9% in blister beetles and 65% in pod bugs). In Nigeria, treating green gram with dimethoate 30EC at 150 g a.i./ha controlled a pest complex that comprised Z. variegatus, A. craccivora, M. sjostedti, O. mutabilis, and M. vitrata , resulting in the highest grain yield (415 kg/ha) and the most pods/plant (11.6) (Ibekwe et al. 2014) . A comprehensive strategy against a complex of all pests infesting minor pulses can provide not only effective control but also save money on unwarranted spraying. Furthermore, new chemical pesticides, particularly neonicotinoids, may be preferred after confirming bioefficacy and cost of treatment.
Integrated Pest Management
IPM combines different control measures to produce a cost-effective and practical regime (Stoddard et al. 2010) . For example, Singh et al. (2009) recommended intercropping green gram with corn, releasing the predator Chrysoperla carnea (Stephens) at 25,000 adults/ha and applying a mixture of NO at 0.2% + malathion at 0.05% and a second spraying of NO at 0.2% + endosulfan at 0.007% as needed. In a 2-yr trial, this regime significantly reduced pest levels compared with a control for several pests, including for M. vitrata (8.9-23.9 vs 10.6-30.3%), L. boeticus (8.6-20.6 vs 9.6-25.6%), aphids (56.6-65.2 vs 62.5-66.4%), jassids (58.0-66.7 vs 62.2-71.4%), and whiteflies (57.8-62.0 vs 58.2-71.5%) (Singh et al. 2009 ).
In black gram, IPM programs include seed treatment with B. bassiana followed by the application of profenophos, and this program lowered pest levels to 3.6 whiteflies/plant versus 5.9 whiteflies in the control, while B. bassiana seed treatment + P. fluorescens seed treatment reduced population levels to 2.5 jassids/plant versus 5.6 jassids in control and an imidacloprid seed treatment + profenophos spraying showed 2.0 thrips/plant versus 4.1 thrips in the control (Singh et al. 2014) . Another IPM program recommended application of NO (300 ppm of AZ) at 30 and 45 d after sowing black gram followed by dimethoate 30EC at 150 g a.i./ha to replace the standard practice used by farmers (three applications of dimethoate 30EC at 150 g a.i./ha; Khajuria et al. 2015) , and the integrated module was found to be more effective in reducing pest population and produced higher yields, with infestation levels of aphids (0.94 aphids/plant vs 5.03 aphids), jassids (1.04 jassids/plant vs 2.54 jassids), whiteflies (3.54 jassids vs 17.15 whitefies), and yields of 11.5 kg/plot versus 7.25 kg in the untreated plot.
Soil application in moth bean with de-oiled neem cake (4%) followed by one spray of a biopesticide based on Fusarium semitectum Berk. & Revenel (containing 3.6 × 10 -14 spores/ml) at flowering significantly reduced pest populations to 1.77 aphids/plant versus 3.78 aphids (A. craccivora) in the control, 0.12 jassids/plant versus 0.66 jassids (E. indicus) in the control, and 0.10 plant bugs/plant versus 0.45 bugs (R. pedestris, R. linearis) in the control (Kumaraswamy et al. 2014) . Considering these research findings, a combination of intercropping, varietal resistance, seed treatment, and need-based foliar applications of new chemical molecules or microbials seems an appropriate IPM program for use in minor pulses.
Current Control Practices for Storage Pests
Bruchids, or pulse (bean) beetles (Coleoptera: Curculionidae, formerly known as Bruchidae), are important primary pests of stored minor pulses. Pest infestations starting in the field often continue in storage. While several species of beetles have been reported as pests, Callosobruchus chinensis L. and Callosobruchus maculatus (Fb.) are the most important species found in all types of storage structures and containers. Gupta et al. (2016) found that the best type of storage container was a plastic bin, with only 6.1% damaged grain (vs 22.4% in gunny bags, the standard storage practiced by farmers) after 2 mo of storage. Other containers (galvanized bin, polyethylene fertilizer bag, earthen pot, bamboo basket) showed intermediate levels of seed damage (Gupta et al. 2016) . Similarly, Alice et al. (2014) recommended the use of a controlled atmosphere, hermetic storage, and metal bins. Farmers generally use gunny bags to store grains after crop harvest because bags are comparatively cheap and easily available in villages and permit enough aeration to grains (Karthikayan et al. 2006) . Grains stored in this way, however, are severely infested by insects. Among nontoxic substances, the diatomaceous earth has been assayed in the laboratory against both pulse beetle species by Mahdi and Khalequzzaman (2012) . Earth was mixed with inert dust (kaolin powder, paddy husk ash, coal ash, alluvial soil, china clay) in a ratio of 1: 5,10, 20, 50, 100, and with carbaryl dust in a ratio of 1: 1, 2, 5, 10. The mixtures applied to grains proved to be synergistic resulting in maximum LD 50 with carbaryl and 100% mortality in adults at a dose of 1,600 ppm. The use of earth is, however, contested by Korunic (2016) who enumerated constraints including reduction in bulk density and flowability of grains, workers' discomfort due to airborne dust, and health concern over the presence of crystalline silica.
Practices to Control C. chinensis
Among eight essential oils tested (at 0.005-0.01%), oil of pongamia (Milletttia pinnata (L.) Panigrahi and neem (both at 0.01%) both completely prevented beetle oviposition after 10 d of storage for up to 1 yr compared with 36.5-100% grain damage in the control . Among five plant products tested in the laboratory for pesticidal activity at different concentrations (2.5-7.5%, w/w), 100% mortality was caused by a water extract (7.5%) of neem leaves. Other botanicals causing lower rates of mortality (79-91%) were the ash of Agave sisalana Perrine and leaves of either Eucalyptus camadulensis Dehnh. or Cymbopogon citratus (DC) Stapf. (Raghumamu 2015) . In another trial, the powdered (5%, w/w) leaves or seed coat of 10 plants, eight vegetable oils (1%, w/w), and malathion dust (1%, w/w) were tested in green gram over the course of 2 yr. Two months after treatment, seeds treated with castor oil and malathion showed only 3.3-4.3% infestation compared with 56.7-61.3% in the untreated seeds (Neog and Singh 2012) .
Treating green gram seeds with a 5% extract of Vitex sp. leaves resulted in oviposition deterrence (26.6 eggs/adult vs 79.4 eggs on untreated grains), and a reduction in adult emergence of up to 85%, while a reduction of 61.1% in egg viability was achieved by a leaf extract of Cantheranthus sp; neither extract affected seed germination (Sathyaseelan et al. 2008) . Recently, Kosar and Srivastava (2016) reported the lowest fecundity (4.1 eggs/adult vs 13.3 eggs in the control) when green gram seeds were treated with an extract of Jatropha gossypiifolia L. leaves in diethyl ether. This treatment was followed in effectiveness by a water extract (25%) of Phyllanthus amarus Schum. & Thonn. leaves (6.5 eggs/adult).
Among native accessions of horse gram tested for resistance against C. chinensis in India, one entry in 2011 (Palem-2) from 50 entries (Divya et al. 2012 ) and four entries in 2012 (Palem-1, Palem-2, AK-21, and NSB-27) from 50 entries (Divya et al. 2013) were classified as resistant entries needing further improvement. There is controversy over whether a hard seed coat of the rice bean is a resistance factor against C. chinensis (Srinivasan and Durairaj 2007) , but antibiosis appeared to be a major mode of action (Somta et al. 2006 ). This mechanism might be responsible in other pulses but needs further study for confirmation. Khan et al. (2015) evaluated camphor (1 g/kg), phostoxin (200 g/ kg), and naphthalene (500 mg/kg) as fumigants in stored green gram and reported the highest reduction in pest infestation (49.6%) and weight loss (49.5%) with camphor. In the laboratory, Shahina and Salma (2009) evaluated a few Pakistani strains of entomopathogenic nematodes (Heterorhabditis bacteriphoera Poinar, Steinernema saimkayai Stock, and Steinernema pakistanense Shalima et al.) against C. chinensis and found them quite effective during later larval stages of the bruchid. These findings may be evaluated in silos and other storage structures for practicality and effectiveness. In addition, the availability of nematodes in a suitable formulation should be assured for timely application. Another ecofriendly application of diatomaceous earth product (Protect it) at 0.15, 0.2, 0.25, 0.3% of grains was evaluated. At 0.3% concentration, there was 100% mortality in grubs of C. chinensis, least fecundity (39.19 eggs/adult vs 99.66 eggs in the control) and 12-fold less adult emergence (31 adults/container vs 371 adults in the control), and 99.7% seed germination versus 50.8% in the control (Maiti and Awaknavar 2009 ).
Practices to Control C. maculatus
Treatment of green gram seeds against C. maculatus with extracts of various botanicals at 5 ml/kg resulted in >17% egg mortality, >30% reduction in seed weight loss, and 30.8-50.0% reduction in adult mortality . The order of bioefficacy in descending order was 1) custard apple seed powder, 2) neem seed kernel powder, 3) tobacco leaf powder, 4) neem leaf powder, 5) black gram flour, and bhilwa (Semecarpus anacardium L.) powder. In grass pea, Ratnasekara and Rajapakse (2009) observed a significant reduction in oviposition and adult emergence in green gram due to the repellent action of castor oil vapors at 200 µl/20 seeds, but this treatment was inferior to oil of Brassica juncea (L.), Solanum indicum L., or Calophyllum inophyllum L. At a dose of 10 ml/kg seeds, castor oil gave 100% protection to stored green gram up to 280 d (Singh and Yadav 2003) . reported Dinarmus basalis Rondani to be an effective solitary ectoparasitoid of C. maculatus in black gram in both the field and storage, attacking larval, prepupal, and pupal stages alike. When present in abundance, it can reduce seed damage to 12% compared with 100% damaged seeds in treatments without parasitoids. Adhikary et al. (2014 Adhikary et al. ( , 2015 isolated and identified 23 natural volatiles from four varieties of grass pea (Bio-1-222 Ratan, Nirmal-13-1, WBK-14-7, WBK-13-1) but compounds in the surface wax alkans (3-octanone, 3-octanol,1-linalool oxide, 1-octonol, and nononal) were more attractive to C. maculatus adults than these natural products and consequently a greater egg laying was noticed on the varieties tested in the trial (Adhikary et al. 2016) . These compounds can be used in baited traps to control this pest. Such physical measures should be further studied for IPM application. For example, when black gram seeds were sun-dried for 4 h/d for six consecutive days or refrigerated at 4ºC for 24 h, both methods caused 100% mortality in adults and eggs, and protected grains without infestation for up to 4 mo (Alice et al. 2013 ).
Control of Other Pulse Beetles
In stored fava beans, infestation of Bruchudius incarnatus (Boh.) is common in the Middle East. Fouad (2013) assessed the repellency and toxicity of essential oils extracted in acetone from clove buds, cinnamon bark, camphor pellets, mustard seeds, and castor oil, all applied at 0.5, 1, 2, and 4%. These effects were dose dependent, and maximum repellency and toxicity in adult beetles was exhibited by cinnamon oil at 4%. In general, all essential oils can be integrated into pest management programs.
In lentil, only one cv., AEl-49/20, among eight entries assessed in Ethiopia was found to be tolerant of attack by Callosobruchus analis F. (Sarwar 2013) . This tolerance was due to a thick seed coat (thickness of 39 µm) compared with the thin seed coat (thickness of 19 µm) of other varieties, and it seems that this hard, rough, and wrinkled seed coat is not preferred by pulse beetle due to difficulty in egg laying. These seeds also had higher germination than seeds of soft-coated varieties (Sarwar 2013) . Cultivar Bachar from Tunisia (Titouhi et al. 2015) and cv. Merkar from Czech Republic (Seidenglanz and Hunady 2016) both showed similar level of resistance to the attack of broad bean beetle, Bruchus rufimanus (Boh.). In Egypt, a variety of resistant cvs. showed differing efficacy, with 11.5-15.3% of seeds infested versus 23.9-24.7% on the susceptible cv. Giza-643 (Ebadah et al. 2006) .
In Pakistan, treatment of fava bean seeds with B. bassiana, Metarhizium anisopliae (Metch.) Sorokin, seed oil of mustard or nigella (Nigella sativa L.) gave maximum protection to stored beans from B. rufimanus with grain damage of 13, 15, 20 and 20%, respectively, after 2 mo and 10, 15, 17, and 22% after 5 mo, respectively, compared with 100% damage in untreated seeds (Sabbour et al. 2007 ). In the Czech Republic, Seidenglanz and Hunady (2016) reported 32-35% parasitism of B. rufimanus larvae by the braconid Triaspis thoracicus (Curtis). Periodical releases of this parasitoid in silos and granaries may, therefore, be beneficial, and the procurement of potential parasitoids from registered firms (local or abroad) should be facilitated.
Future Research
Yields in field studies varied significantly (from 389 to 1875 kg of grain per ha) depending upon the crop and cultivar, geographical location, pest control practices, and crop management. It is, therefore, difficult to compare field data. A system for rating yield is needed because yields obtained in small plots are later converted to per hectare yields, which may be misleading as these are not truly reflective of larger field yields.
Early detection of insect infestation can facilitate the choice of proper control measures. For example, Ramakrishnan et al. (2012) recommended standard X-ray or radiography for the detection of hidden infestation by C. chinensis in minor pulses. This measure requires the widespread availability of laboratory facilities with this capability in developing countries where storage pests attacking minor pulses are a problem. In collaboration with the meteorological department, an early warning network for pest attack has been established for different agroecosystems in India. If this network is extended to pulses, it will reduce the cost of reactive measures of crop protection and would make the cultivation of minor pulses more profitable.
Thresholds are based on damage or infestation rates on various plant parts or on actual pest density. Whenever the established levels are surpassed, human intervention by way of recommended control is needed. Currently, economic threshold levels in green gram and black gram are available for only a few pest species (Table 2 ). More such studies would encourage farmers to conduct regular monitoring if estimates were made under conditions matching their production systems. Revision of ETLs should be made from time to time, as farming systems are modified due to climate change, or to reflect changing market demand and economic returns.
Integrated control systems for pests of minor pulse crops are generally lacking in both crop fields and under grain storage conditions. Farmers as part of their routine operations can easily adopt cultural practices such as adjusting the planting period, selecting pest resistant cultivars, and intercropping with cereals. In some instances, biological control agents and microbial agents show promise in both field and storage conditions. Intensive research on augmentation (through periodic releases or conservation of natural enemies in natural habitats) is still needed, however. As such, Keneni et al. (2011) recommended IPM with overall crop husbandry practices, chemical control, and the use of resistant or tolerant cultivars. In any case, unless an IPM program is cost effective, it cannot be recommended for large-scale use. Tribal communities in India and elsewhere eat green pods of green gram and fava bean. Fresh grains sold in local markets fetch a higher price than dry split grains (Gahukar 2015) . With changes in buying habits, consumers prefer pods or grain without any insect damage. Because of this, pods are regularly harvested without respecting the interval between spraying and harvesting. In addition, farmers are inclined to apply synthetic insecticides due to their easy availability and ability to cause significant pest mortality. These two factors mean that pesticide residues may remain on pods and grains that are being consumed. In the majority of studies cited in this review, no work on the residual persistence of chemical insecticides was included. There is an urgent need to make farmers and consumers more aware of the residual toxicity and health hazards of synthetic pesticides. As a short-term solution, dusting with less toxic pesticides a week before pod harvest may be recommended.
Treating seeds with thiamethoxam, dimethoate, emamectin benzoate, and imidacloprid has showed promising results in reducing plant damage. Overall, chemical pesticides have been extensively applied to minor pulses, either singly or as mixtures (Table 3) . Carefully testing the effects of any pesticide on nontarget insect communities is crucial, since spraying of dimethoate, for example, at even half, the recommended dose can significantly reduce the population of natural enemies (Saleh et al. 2009 ). There is also a problem of human safety, since treating the seeds exposes farmers to the chemical if they do not use protective measures (gloves, facemask, washing hands after treatment, etc.). As an alternative, the use of various plant-based products may be promoted as they are effective against pests of several crops (Gahukar 2014b) , and are generally less dangerous. Finally, the economic benefit of control, which is an important criterion for small farmers, has not been addressed in the majority of field studies. A better understanding of the cost: benefit ratio of various management practices and combinations would be an important tool to guide farmers' decisions.
Conclusions
Pest-resistant minor pulse cultivars developed with modern breeding methodologies should not be restricted to developing resistance to field pests but their resistance should also be extended to storage. Such 'multi-pest resistant cultivars' would be tremendously helpful to farmers. Wild relatives of minor pulses currently used as food plants by tribal communities (Gahukar 2014a ) could serve as a potential genetic pool for improving currently cultivated cultivars.
Chemical pesticides are extensively applied to minor pulses compared with other control methods because of their quick (knockdown) effect and residual toxicity. New products (particularly those based on entomopathogens), although relatively environmentally friendly compared with conventional pesticides, are not always available at the village level. Among the various methods of application, seed treatment should be preferred over foliar application as treating seed controls both seed-infesting and soil-inhabiting pests and improves seed germination. Plant-derived products (particularly crude extracts) have great potential to control insect pests (Gahukar 2014b) . Currently, the isolation, identification, and synthesis of allelochemicals and their formulations are limited to certain plants, neem being the most exploited for commercial pesticides. Among microbials, seed treatment with B. bassiana is the most promising, but there is scope for using biological control agents, other entomopathogenic fungi, and nematodes. Generally, there is a lack of investment in research, limited infrastructure, and development/extension activity in developing and less-developed countries (Gahukar 2014b) . Therefore, collaborative efforts of international research institutes, particularly ICARDA, CIAT, IITA, AVRDC ,and national crop development and extension centers working on minor pulses should be strengthened to deliver packages of practices for both field and storage pests to facilitate their adoption by small farmers.
